This report describes eight gallbladder tumors seen in over 30,000 male and 30,000 female mice used as treated or control animals in 2-year carcinogenicity studies. With the exception of an adenoma seen in a female mouse at 55 weeks, all animals were over 100 weeks old. No macroscopic gallbladder abnormality was seen at necropsy in any of these animals.
The six adenomas (cases 1 to 6) were single pedunculate lesions with papillary patterns, minimal stroma, and predominantly simple cuboidal or columnar epithelium.
Two adenocarcinomas were seen. One (case 7) was a single sessile lesion exhibiting a papillotubular arrangement in which the cells at the base of the tumor showed a disordered growth pattern. The other adenocarcinoma (case 8) was a more dif- fuse lesion with downgrowth of tumor cells forming glandular elements and a high mitotic index. Both tumors showed high nucleus/cytoplasm ratios and invasion of the muscle layer. Gallbladder tumors are very uncommon spontaneous tumors in the B6C3F1 hybrid mouse, and the majority are solitary benign lesions. The mouse gallbladder is an infrequent site of induced tumors. A high incidence of naturally occurring papillomas has been reported in the fat sand rat (Psammomys obesus)' which unlike Rattus sp. does have a gallbladder. With the exception of this one model, spontaneous benign and malignant epithelial tumors of the gallbladder are rare in most species including man. 1,6 Experimental induction of gallbladder adenoma in mice by N-methyl-N-formylhydrazine has been reported but not described hist~logically.~ The major criterion for differentiation between hyperplasia or papilloma in a recent case was whether the lesion was diffuse or locali~ed.~ We are aware of no detailed account of the histopathology of mouse gallbladder tumors.
The National Cancer Institute and the National Toxicology Program Carcinogenesis Testing Programs have so far generated 293 technical reports summarizing the results of laboratory animal carcinogenicity studies for a wide variety of chemical^.^.^ We have only found eight primary epithelial tumors of the gallbladder in over 60,000 mice used as control or treated animals in these studies. The purpose of this paper is to give a detailed account of the histopathology of primary gallbladder adenoma and adenocarcinoma in the mouse.
Tumors were found during histological examination of control and treated mice used in over 300 2-year carcinogenicity studies conducted between 1972 and 1983 by the National Cancer Institute and National Toxicology Program. The majority of the studies had control, low dose, and high dose groups each of 50 male and 50 female mice. Ninetyeight (98) percent of mice used were B6C3 (C57BW6N x C3H/HeN) F1 hybrid mice, the remaining mice were Swiss Webster. The routine histopathologic examination of liver included the left lateral lobe plus a cross section ofthe median lobe to include the gallbladder, together with any grossly observed lesions. The exact number of animals for which the gallbladder was examined microscopically cannot be readily established; it is, however, in excess of 30,000 animals of each sex. The primary histopathological examinations were carried out by staff pathologist^.^^^ All diagnoses of gallbladder neoplasia were reviewed by the authors. The affected mice were maintained in three different facilities. General information regarding husbandry has been documented elsewhere.9 Three of the eight mice were control animals; two of the remaining five animals received the same chemical.
The eight mice were necropsied by or under supervision of laboratory pathologists. Gallbladders were fixed with 10% buffered formalin. The body of the gallbladder was trimmed transversely with the median lobe of the liver, embedded in paraffin, sectioned at 5 to 6 pm, and stained with hematoxylin and eosin.
Six adenomas and two adenocarcinomas were seen in the gallbladder of four male and three female B6C3F1 mice and one female Swiss Webster mouse ( Table 1 , Figs. 1-10) .
None of the gallbladder tumors reported here were present at necropsy. Small masses between 1 and 4 mm diameter could be seen on histological sectioning.
Focal hyperplasia of gallbladder epithelium was present in other areas of the gallbladder in mouse five (Fig. 7) . Hyperplasia was characterized by folding of the mucosa caused by proliferation of a single layer of columnar epithelial cells with granular eosinophilic or basophilic cytoplasm and central or basal oval nuclei. Hyperplasia was also seen in other mice in the population studied in the absence of neoplasia; however, data on the total incidence was not available due to the nature of the computerized National Cancer Institute/National Toxicology Program database.
The six papillary adenomas seen were structures attached by a narrow stalk that nearly filled the gallbladder lumen ( Figs. 1-6, 8 ). They were composed of a thin fibrovascular core covered by well-differentiated cuboidal to columnar epithelial cells with granular eosinophilic to pale basophilic cytoplasm and basally or centrally located nuclei.
Two tumors were classified as papillotubular adenocarcinomas. These had minimal fibrous stroma. The epithelium of one tumor (case 7) was low columnar/cuboidal and that of the second (case 8) was tall columnar. In both tumors the cells had pale basophilic cytoplasm, large open nuclei, and a high nucleus/cytoplasm ratio. In case 7, there was attendant mild acute inflammation. The base of this tumor showed a disordered growth pattern with invasion of the gallbladder wall. Cellular orientation was well-maintained in case 8; however, there was a high mitotic index and invasion of the gallbladder wall. Both tumors were considered to exhibit lowgrade malignancy.
Gallbladder neoplasms are reported infrequently in most laboratory species6 and are also rare in man.' Ten adenomas were reported but not described in the gallbladder of Swiss mice following treatment with N-methyl-N-formylhydrazinc.' One spontaneous adenoma was reported recently in a population of 2,400 specific pathogen-free CD-1 mice from life-span carcinogenicity ~tudies.~ The present report is the largest series of naturally occurring tumors reported to date and gives an opportunity both to describe in detail the range of histological appearances seen and to discuss possible criteria for malignancy in borderline lesions. Lesions were considered to be spontaneous because they occurred at low incidence. Three were seen in control animals and three were seen with different chemicals (2-chloroethanol, dermal administration; 5-nitro-o-anisidine and Color Index acid orange 10). Two similar tumors (cases 1 and 5) were seen with the same chemical (3-amino-9-ethylcarbazole administered in feed) and may not represent spontaneous lesions.
The incidence of these lesions is very low in spite of routine histological examination of the gallbladder for all animals. Our literature search failed to reveal other reports, suggesting that these tumors are probably very uncommon in mouse strains routinely used for toxicological studies. The absence of gross necropsy findings for any of these tumors may further contribute to the low number of cases in the literature. Our series may represent a slight underestimate of the true inci-dence as we did not take serial sections. Lewis5 reported papillomatous hyperplasia in the mouse gallbladder and distinguished this from papilloma on the basis of the diffuse nature of the papillomatous hyperplasia and the more 10calized nature of the papilloma. The lesions in our series were clearly distinguishable from papillomatous hyperplasia on the basis of their localized nature, size, and degree of organization (i.e., the presence of a fibrovascular core).
Cases 7 and 8 were classifed as malignant on the basis of high nucleus/cytoplasm ratio (both cases), disordered growth pattern (case 7), poor cellular orientation (case 8) and invasion of the gallbladder wall (case 8). Neither tumor extended beyond the gallbladder.
Case 8 was further complicated by the presence of an inflammatory infiltrate. Chronic inflammation may lead to accentuation of the folding of the mucosa into tortuous tubular patterns which may extend through the muscular tissue into the subperitoneal layer. These pseudoglandular structures have been described as Rokitansky-Aschoff sinuses.'
These two cases were considered to represent low-grade malignancy. Features suggestive of a high degree of malignancy such as marked cytological alteration, necrosis, extension to adjacent organs, and metastasis were absent. It appears that gallbladder tumors are very uncommon in the B6C3F1 mouse and that the majority are benign.
